Algal chlorophyll and carotenoid distributions were measured periodically in the euphotic zone of Sta. ALOHA (22"45'N, 158"OO'W) between February 1989 and October 1991 to document the variability in phytoplankton abundance and composition. The annual mean depth-integrated (O-200 db) concentration of Chl a displayed significant interannual variability. Seasonal patterns in Chl a concentration were found to be depth-dependent. Elevated Chl a in the mixed layer is the result of photoadaptation as the mixed layer deepens in winter. Increases in Chl a at the deep chlorophyll maximum layer (DCML) in spring are explained by increased nutrient availability caused by a deepening of the DCML relative to the bg = 24.25 density surface.
The amplitude of the seasonal cycle in phytoplankton production and biomass is thought to be latitude-dependent with the smallest variations at low latitudes (Cushing 1959; Heinrich 1962; Sournia 1969) . Consequently, mid-and low-latitude oceanic regions require robust sampling schedules and precise analyses to discern seasonal fluctuations in phytoplankton biomass and production from variability produced by stochastic events.
The central North Pacific (CNP) gyre is considered to be a homogeneous, oligotrophic body of water located entirely in mid-and low-latitude regions (extending from -15"N to 40"N and 135"E to 135"W). Several CNP gyre studies have addressed the mesoscale spatial variability of planktonic biomass (e.g. Hayward andMcGowan 1985; Venrick 1979,199O; Ondrusek et al. 199 1) . Temporal variability has also been reported at the "CLIMAX" area near 28"N, 155"W (Hayward et al. 1983; as well as near the Hawaiian Islands (Bienfang and Szyper 198 1; Bienfang et al. 1984) . However, seasonal variations in phytoplankton biomass remain poorly resolved or understood within this midocean habitat, even though they are an important aspect of community structure.
In the CNP gyre a permanent pycnocline in the lower portion of the euphotic zone restricts nutrient transport from the deep water to the upper 100 m of the water column (Eppley et al. 1973 ) and, consequently, limits the production of the region by limiting either its carrying capacity (Martin 199 1) or the growth rate of its autotrophs (Thomas 1970; Falkowski et al. 199 1) . Under these conditions nutrient injections in the euphotic zone resulting from sporadic events such as wind-induced mixing 1420 and dust deposition seem to be the principal cause of temporal variation in phytoplankton production and biomass (Platt and Harrison 1985; DiTullio and Laws 199 1) . Nevertheless, it is important to recognize that these events have a seasonal component. In the CNP gyre, sporadic injections of nutrients in the mixed layer as a result of storms or Asian dust depositions occur most frequently in winter and spring (DiTullio and Laws 199 1; Donaghay et al. 199 1; Young et al. 199 1; Karl et al. 1992) . When investigating the temporal variability of phytoplankton biomass and processes in oligotrophic oceanic regions, it may be useful to uncouple fluctuations in the mixed layer from those occurring at the base of the euphotic zone. Injection of nutrients into the euphotic zone will primarily affect productivity above the deep chlorophyll maximum layer (DCML). On the other hand, increases in total solar irradiance measured at sea level from -25 MJ mm2 d-1 in autumn-winter to -4 1 (Kirk 19 8 3) in spring-summer may increase productivity of light-limited algal populations and alter community structure near the base of the euphotic zone. Thus, there are compelling reasons to expect that temporal variations in phytoplankton biomass and production are not uniform with respect to depth.
Since October 1988 the U.S.-Joint Global Ocean Flux Study (JGOFS) Hawaii Ocean Time-series (HOT) program has sponsored field studies at about monthly intervals at Sta. ALOHA (22"45'N, 158"OO'W) to determine the temporal variability of physical and biogeochemical processes at a deep-water site representative of the CNP gyre (Karl and Winn 199 1) . Here we summarize algal chlorophyll and carotenoid distributions recorded during the first 3 yr of this program. We also analyze euphotic zone integrated (O-200 db) as well as depth-specific (mixed layer and DCML) temporal variability of Chl a concentration to look for evidence of a seasonal component. In addition we use accessory photosynthetic pigments as diagnostic markers of time-dependent changes in specific algal groups associated with the persistent DCML.
Materials and methods
Sample collection and preservation-water samples for pigment analysis were coIlected as part of the core measurements performed at Sta. ALOHA (Fig. 1) . A 24-position rosette water sampler equipped with 12-liter polyvinylchloride (PVC) bottles, SeaBird CTD, Beckman polarographic oxygen sensor, and a Sea Tech, Inc., flash fluorometer (ex, 425 nm; em, 625 nm) was used to sample the water column at predetermined depths. Samples (4-10 liters) from 8 to 14 reference depths (O-200 db) were collected between 2 100-0600 hours and pressure filtered (N, at 27-5 5 kPa) through 25-mm-diameter glass-fiber filters (Whatman GF/F) under subdued lighting to protect the pigments from photooxidation.
Eight of these depths were constant with respect to pressure throughout the study. The remaining depths were selected according to the continuous fluorescence trace generated in real time to increase sampling resolution near the DCML. The filters were flushed with N2 gas and stored at -80°C until analyzed at our shore-based laboratories.
The reproducibility associated with sample collection and analysis was determined from duplicate sample bottles collected from the same depth during a single cast. Duplicate water samples collected on repetitive casts during a given cruise were used to determine small temporal and spatial scale (h-km) variability of pigment concentrations in the mixed layer and at the DCML.
CTD and fluorescence profiling-Short frequency cycles such as internal waves (minutes to hours), tides (12-25 h), and near-inertial period oscillation (3 1 h) may affect the vertical distribution of physical or biochemical param- eters at Sta. ALOHA by as much as 30 db in the euphotic zone. This variability was removed by adopting a 36-h burst sampling protocol (Karl and Winn 199 1) . CTD profiles (O-1,000 db) were taken at 3-h intervals for a 36-h period. During these repetitive casts, fluorescence profiles were also recorded as often as possible. The average depth of the physical parameters measured during the 36-h but-+ sampling period for each cruise is used here. Because the subsurface fluorescence maximum covaries with density rather than with depth on time scales of ~48 h ( Fig. 2A) , the average depth of the DCML is defined by the average depth of the density surface corresponding to the fluorescence maximum for each cruise.
Pigment extraction and analysis-Pigments were extracted and analyzed by reverse-phase high performance liquid chromatography (HPLC) as described by Bidigare et al. (1989) , with minor modifications.
The frozen GF/F ;:I_! 3.  I  I  I  I1  1  ,  1,  I  1   0  2  4   6  6  IO  12  14  16  18  20  22 Retention Time (min) Fig. 3 . Representative chromatograms. A. Absorption of reverse-phase separation of a 75-db sample (from HOT-3 1, October 199 1). B. Absorption of normal-phase separation. C. Fluorescence of normal-phase separation. lInjection; 2-Chl c,; 3-Chl c, + cZ + Mg 3,8DVP a,; 4-19'-but; 5 -fucoxanthin; 6 -19'-hex; 7-prasinoxanthin; 8-diadinoxanthin; 9-zeaxanthin; IO-Chl b; 1 l-canthaxanthin; 12-Chl a; 13-o-carotene; 14-Chl a,; 15-Chl a,; ; . filters were placed into 3.1 ml of 100% acetone containing a known amount of canthaxanthin (also in acetone) as an internal standard. For each sample, 500 ~1 were injected automatically by a refrigerated (4°C) autosampler (Spectra-physics model SPSSSO) into a SpectraPhysics model SP8800 HPLC equipped with a Radial-Pak C,, column (0.8 x 10 cm, 5-pm particle size, Waters Chromatogr.). Eluting peaks were detected by both absorbance (436 nm, Waters model 440 absorbance detector) and fluorescence (ex, 408 nm; em, 662 nm; Waters model 470 fluorescence detector) spectroscopy. Pigment concentrations were quantified by peak area with external standards provided as part of the JGOFS pigment intercalibration exercise. Routine identification of pigment peaks was based on retention time (Fig. 3A) . In some instances, diode array spectroscopy (DAS; Waters model 990 pho- Three sets of pooled samples from below 45 db (~240 liters) collected between February 1989 and July 1990 and two sets of pooled samples from above 45 db (> 180 liters) collected during the same period were used to determine the presence of lutein. From these samples, several visible absorption spectra were obtained during the lutein + zeaxanthin peak elution interval. The absence of a shift in the absorption maxima corresponding to zeaxanthin between the onset and the tail of the peak was taken as evidence for the absence of lutein in the sample.
The reverse-phase HPLC method used cannot separate monovinyl Chl a (Chl a,) from divinyl Chl a (Chl a,) or monovinyl Chl b (Chl b,) from divinyl Chl b (Chl b2), and thus provides estimates of total "Chl a" (Chl a) and "Chl b" (Chl b) concentrations, respectively. Chl a2 and b2 are the major chlorophyll forms found in Prochlorococcus marinus (Goericke and Repeta 1992) and can be separated from their monovinyl counterparts by normal-phase HPLC (Gieskes et al. pers. comm.) . This separation was performed in size-fractionated samples (see below).
Estimation of the contribution of Chl a by d&rent algal groups-Ratios of Chl a to accessory pigments characteristic of each group were obtained from previous studies and from the analysis of pigments extracted from phytoplankton cultures (Table 1) . Because these ratios were determined for shade-adapted cultures, only samples collected between the 75-and 150-db reference depth strata were used in this analysis. These ratios (i.e. seed values) were further refined by inverse methods, determining the least-squares best solution to the equation A -3 = z', where A is a matrix of the accessory pigment concentrations, iZ = X, , . . . , X, are the ratios of accessory pigments to Chl a,andC=c,,..., c, are the measured Chl a concentrations (Tarantola 1987 Prymnesiophytes and chrysophytes found in oceanic waters have similar major pigment signatures. We made two assumptions to assess the contribution of each taxon to the total Chl a based on the pigment algorithm: 19'-hex and 19'-but are found exclusively in these two algal groups, and the ratio between these two pigments in a given taxon remains constant at depths L 7 5 db. Stauber and Jeffrey (1988) reported the presence of 19'-but in one diatom species and 19'-hex has been found in certain dinoflagellates (Tangen and Bj ii&and 19 8 1). However, because neither diatoms nor dinoflagellates are common in our study region, the first assumption appears to be valid. The second assumption remains untested.
The different amounts of 19'-hex and 19'-but contained in prymnesiophytes (prymn) and chrysophytes (chrys) were calculated by solving the following equations for each sample:
where hT and b, are the total concentrations of 19'-hex and 19'-but found in a given sample and P and C the 19'-hex : 19'-but ratios found in cultures of prymnesiophytes and chrysophytes (P = 54.27 and C = 0.14; Table 1 ).
DCML size-fractionation experimentDuring the August 199 1 cruise (HOT-29), five large-volume samples (12 liters each) collected near the DCML were filtered sequentially through 47-mm-diameter Poretics nylon membrane filters with porosities of 5, 1.2,0.65, and 0.22 pm to determine the size-dependent variations in accessory pigment composition and to test the validity of the Chl a contribution algorithm. After extraction in 100% acetone and addition of the internal standard (canthaxanthin), all five samples for a given size fraction were combined and two 500-~1 subsamples were removed from each size fraction for reverse-phase HPLC analysis, as described above.
The remaining extract of each size fraction was analyzed by normal-phase chromatography (Gieskes et al. pers. comm.) . For this, pigments were quantitatively transferred to diethyl ether by adding diethyl ether to the acetone extract and shaking with cold 10% NaCl solution (volumetric ratio of acetone extract to diethyl ether to 10% NaCl solution = 3 : 3 : 30; cf. Barrett and Jeffrey 197 1) . To produce a full partitioning between the diethyl ether and aqueous phases, we added NaCl crystals to the emulsion. The diethyl ether phase was removed by Pasteur pipette and subsequently concentrated under N2 in preparation for normal-phase HPLC analysis. The two solvent systems used consist of light petroleum ether (60-8O"C), acetone, and dimethyl sulfoxide (DMSO) in the following proportions (by volume): A =29:70:1andB=84:15:1.After injection (100 ~1 of concentrated diethyl ether extract), the linear elution gradient was developed over 20 min, starting with 100% A and ending with 40% of solvent A. Separations were performed on a 0.46 x 25-cm Spherisorb silica column (5-pm particle size) at a constant flow rate of 1 ml min-l. A nearly complete baseline separation of Chl a,, a2, b, , and b, was achieved with the procedure described above (Fig. 3B ). Eluting peaks were detected in series with a Waters model 440 absorbance detector (435-nm filter; band width, 11 nm) and Waters model 470 fluorescence detector (ex, 408 nm; em, 662 nm).
Because the wavelength-dependent absorption properties of Chl a, and a2 as well as Chl b, and b, in the Soret band region differ significantly, concentrations of Chl a,, a2, b, , and b, were "spectrally corrected" to account for differences in the optical properties of these chlorophylls. In applying this spectral correction we have assumed that the weight-specific extinction coefficients (in the normal-and reverse-phase eluants) at the Soret absorption maxima of Chl a, and a2 and Chl b, and b, are identical. On-line absorption spectra (400-500 nm) of the chlorophylls were measured during reverse-phase (Chl a, and b,) and normal-phase (Chl a,, a2, b, , and b2) runs using a Waters model 990 photodiode array detector.
The absorption properties of Chl a2 and b, for reverse-phase conditions were estimated by red-shifting the Chl a, and b, spectra by 8 nm.
Absorption response weighting factors were individually computed by multiplying the absorption properties of each chlorophyll by the transmission characteristics of the 436-nm filter used for peak detection and then integrating with respect to wavelength. Under normalphase conditions, the ratio of the calculated Chl a, : Chl a2 response factors was 0.7 14 and that of the calculated Chl b, : Chl b, response factors was 1.134. Under reverse-phase conditions the ratio of the calculated Chl a, : Chl a2 response factors was 0.865 and that of the calculated Chl b, : Chl b, response factors was 1.377. The implication of these ratios is that, for environments where divinyl forms of chlorophylls are dominant, the 436-nm absorbance measured during reverse-phase HPLC runs may overestimate Chl a by 16% and underestimate Chl b by as much as 27%.
Because of a co-elution problem with Chl a2 and zeaxanthin (Fig. 3B) , Chl a, and a2 were routinely detected by fluorescence spectroscopy (Fig. 3C) . Normal-phase HPLC analysis of samples and prochlorophyte cultures which contained only minor amounts of zeaxanthin (i.e. Chl a2 and zeaxanthin were baseline separated) allowed establishment of a linear relationship between the absorbance and fluorescence peak areas measured (in series) for Chl a, (r2 = 0.98, n = 7) and Chl a2 (r2 = 0.97, n = 6). Thus, for a routine normal-phase HPLC run, fluorescence peak areas were used to compute absorbance peak areas for these chlorophylls and eliminate the zeaxanthin co-elution problem. For Chl b, and b2, directly measured absorbance peak areas were used in the following computations.
The peak areas measured for Chl a2 and b2 under normal-phase conditions were multiplied by factors of 0.7 14 and 1.134, respectively, to correct for differences in the absorption properties of these chlorophylls relative to their monovinyl counterparts (see above).
After these corrections were applied, spectrally corrected ratios of Chl a, : (Chl a, + Chl a,) and Chl b, : (Chl b, + Chl b2) were computed for each sample. These ratios were used in conjunction with the reverse-phase absorption correction factors presented above to partition the total "Chl a" and "Chl b" concentrations (i.e. determined by reverse-phase HPLC) into absolute concentrations of Chl a,, a2, b,, and b 2.
Ancillary HOT >rogram data -Core measurements of hydrography, suspended particulate matter and dissolved nutrients, and measurement protocols for the HOT program that were obtained in conjunction with the pigment data presented herein are available via the worldwide Internet system and anonymous file transfer protocol (ftp). The data are in a sub- 
Results
Variability in mixed-layer and DCML depth -During the 3-yr period of this study, the surface mixed-layer depth (defined here as q a density gradient -( 0.005 a, units db-') varied between 15 and 120 db. The mean depth of the DCML, based on the continuous fluorescence traces, was 112 db with boundary values at 96 and 136 db (Fig. 2B ). Our 36-h burst sampling procedures revealed an even broader range in the DCML depth (70-l 50 db) due to effects which we interpret as internal waves. Although the potential density associated with the DCML remained constant for a given cruise ( Fig. 2A) , q values from the entire data set ranged from 23.77 to 24.94, indicating vertical displacement of the DCML across isopycnal surfaces throughout the 3-yr period of observations.
Integrated and depth-speciJic Chl a variability-Euphotic zone depth-integrated (O-200 m) , and July 199 1 indicated that the reproducibility of major pigment concentration measurements at these two layers was within 15% for a given cruise.
Over the period of this study, euphotic zone depth-integrated Chl a, as well as mixed-layer and DCML Chl a concentrations showed siml ilar variability (C.V. = 25,27, and 2 1%). There was no significant correlation between mixed layer and euphotic zone depth-integrated Chl a concentrations (r2 = 0.14, n = 26, P > 0.05). 19'-but, Chl c, and fucoxanthin. Trace concentrations of diadinoxanthin were also detected during every cruise. Prasinoxanthin was detectable only in late winter and spring, and peridinin was present only sporadically (Table 2) . Pheopigments were a minor component in the water column during all cruises. Other than Chl b, pigment markers of chlorophytes (violaxanthin and lutein) were consistently below the level of detection (< 0.5 ng liter-' for violaxanthin and no shift of absorption maxima corresponding to zeaxanthin during the elution of the lutein + zeaxanthin peak for lutein) in all samples analyzed, even though fairly large volumes of water were processed (4-l 0 liters per sample).
Vertical profiles of pigments at Sta. ALOHA displayed a characteristic DCML oscillating around the 0.5% isolume (mean depth of 112 db). The "light depth" of this layer, however, varied between the 3% and the 0.08% isolumes (70 and 150 db) as a result of vertical displacements of the density field and fluctuations of depth-specific absolute photosynthetically available radiation (PAR) caused by changes in the intensity of sea-surface light.
Zeaxanthin was the dominant accessory pigment in the mixed layer, and although its concentration declined with depth, a secondary peak was generally detected at the DCML. Chl 6, 19'-hex, and 19'-but concentrations were low in surface waters but increased with depth to maximum concentrations near the DCML, Chl b was the most abundant accessory pigment at the DCML (Figs. 5 and 6 ). Prasinoxanthin profiles had an irregular pattern, with maximum concentrations located between 75 and 125 db (Fig. 6) . October 199 1 and not used for the generation of the algorithm also show excellent agreement for depths L 50 db (Fig. 6) . The predicted values, however, deviate from measured concentrations above 50 db (data not shown).
On the basis of our photosynthetic pigment model, four algal groups contribute > 95% of the total Chl a measured at the DCML: Prochlorococcus spp. (3 9%), cyanobacteria (24%), prymnesiophytes (22%), and chrysophytes (13%) (Fig. 7) . A highly significant positive correlation was found for the Chl a contributed by Prochlorococcus spp. and chrysophytes (Kendall rank correlation P < 0.001). No significant correlation was found between Chl a contributed by these groups and Chl a contributed by cyanobacteria (P > 0.1). Nevertheless, all groups but dinoflagellates were positively correlated with measured Chl a concentrations (P < 0.02).
Size distribution and algal accessory pigments -In our samples 19'-hex dominated the > 5-pm fraction while smaller fractions were dominated by Chl b, (Table 3) . The sum of all size fractions reveals that for the DCML in August 199 1, 70% of Chl a and 77% of Chl b were in the divinyl form (i.e. Chl a2 and b,; Table 3 ). Only the fraction > 5 pm was dominated by Chl a, and 75% of Chl b, was retained by a 1.2~pm pore-size filter. Most other accessory pigments were present only in traces for size fractions < 1.2 pm where zeaxanthin and Chl b, are the dominant accessory pigments.
Peridinin and diadinoxanthin were in notably low concentrations at the DCML during this cruise (Table 3) . These size fractionation data also allowed a further test of the taxonomic contribution model for different size classes. In general, there was very good agreement between measured Chl a and that predicted by the model (Table   3 ). Particles > 5 pm were mainly prymnesiophytes, Prochlorococcus spp., chrysophytes, and cyanobacteria (4 1, 33, 13, and 10% of the total Chl a). Although 100% of the diatom and dinoflagellate diagnostic pigments were restricted to the largest size fraction, these taxa accounted for <3% of the total Chl a.
Discussion
Interannual variability in Chl a concentrations-As reported previously by Hayward and Venrick (1982) and , euphotic zone values of depth-integrated Chl a appear to vary in time by a factor of < 3. Nevertheless, the mean annual concentration calculated for 1989 is significantly lower than those calculated for 1990 and 1991. The first year also exhibited a high variability in Chl a concentrations at the DCML when compared to subsequent years. Relatively strong displacement of isopycnal surfaces in the euphotic zone during 1989 (Fig. 5A ) and the consequent frequent migrations of the DCML through these surfaces (Fig. 2B) (Figs. 2B and 5A ) and a significant increase of net production over the upper 75 m of the euphotic zone (Winn et al. 199 1) suggests the sampling of a cyclonic eddy core during that cruise.
High concentrations of Chl a near the surface in winter are associated with wind-induced deep (> 80 db) mixed layers (Chiswell et al. 1990; Winn et al. 199 1, 1993) . Two processes may account for a rise in Chl a concentrations under these conditions. The first is an increase of phytoplankton standing stock due to the input of inorganic nutrients. This input may occur either as a flux of nutrients from the base of the mixed layer if it reaches the depth corresponding to the top of the nutriCline (N 11 O-l 20 m) or as a flux to the sea surface from the combined effects of wet and dry deposition (DiTullio and Laws 199 1; Young et al. 199 1) . The data collected at Sta. ALOHA are inconclusive as to the influence of either of these mechanisms to account for an increase in near-surface Chl a concentration. Increases in Chl a do not correlate with increases in particulate C (PC), particulate N (PN), or particulate adenosine triphosphate (P-ATP) concentrations during winter mixing events. Neither is there any direct evidence of increased inorganic nutrient pools in the euphotic zone, even though the HOT program routinely uses analytical methods designed to measure N and P at nanomolar levels (Winn et al. 1993) .
Phytoplankton photoadaptation due to deepening of the mixed layer is also considered to be an important factor responsible for the increase of Chl a in surface layers (Ohman et Laws et al. 1983 ). The enhancement (Chiswell et al. 1990; Winn et al. 1991 Winn et al. , 1993 
diadinoxanthin)
give further support to photoadaptation as a causal mechanism for the increase of Chl a during winter mixing events.
DCML intra-annual variability-In contrast to the pattern observed in the near-surface layer, Chl a concentrations in the DCML show evidence of an increase in spring (Fig. 7) . This feature is clearly observed when the standard z-score (Triola 1989) of each value based on annual means and variances [z = (x -X,)s,-I, where y represents the year during which x was measured] is calculated (Fig. 8B) . A strong positive deviation from the annual mean appears during spring of each of the three consecutive years thus far studied. A positive deviation is also suggested for autumn of the 2 yr where data are available. before the Chl a maximum was measured at the DCML. In theory, an increase in the depth of light penetration may provide enough radiant energy to nutrient-sufficient phytoplankton to result in a transient accumulation of biomass or an accumulation of cells via active migration at the DCML. This change in the underwater light field would translate not only into enhancement of the biomass, but also into deepening of the DCML in spring. The average depth of the fluorescence maximum calculated for each cruise deepens during March-May and, although the DCML depth seems to covary with vertical movements of the ge = 22.45 isopycnal, the covariance is at a minimum in spring (see 1990 and 1991 in Fig. 2B ). Maximum concentrations of Chl a at the DCML have been measured not in association with the deepest fluorescence maximum but during the following month when the DCML is below the ge = 24.6 isopycnal. McGowan and Hayward (1978) and Venrick (1990) proposed that the breaking of internal waves or the upward displacement of isopycnal surfaces could play an important role in the input of nutrients into the euphotic zone. In our study, inorganic nutrient concentrations at the fluorescence maximum layer do not show a correlation with Chl a concentrations at this depth (Chiswell et al. 1990; Winn et al. 1991 Winn et al. , 1993 . This finding is to be expected given our sampling frequency and the potential for rapid nutrient uptake by phytoplankton.
However, nutrient samples collected at Sta. ALOHA are not filtered before the analyses of total dissolved N (TDN) and total dissolved P (TDP), so theoretically we should be able to assess nutrient injections into the base of the euphotic zone unless there is a simultaneous and coupled particulate export to the mesopelagic zone. To the contrary, our data suggest a decrease in TDN and TDP concentrations at the DCML during spring Chl a events (Chiswell et al. 1990; Winn et al. 1991 Winn et al. , 1993 .
If high concentrations of Chl a and accessory pigments at the DCML represent increases in algal biomass, as suggested by the increase in PC and PN (Chiswell et al. 1990; Winn et al. 1991 Winn et al. , 1993 , the apparent loss in the TN and TP pools can be reconciled only by an increase in particle export. However, the increase in algal biomass in our study indicates a lag time between the increase in primary production and the increase in grazing on the order of days to weeks. If we assume that temperature is a more stable and conservative indicator of deep-water intrusions into the euphotic zone than nutrient concentrations, we should expect an inverse relationship between temperature and Chl a concentrations in the lower euphotic zone.' When plotting average temperature at 100 m vs. Chl a concentration in the DCML (Fig. 9) , we find that high concentrations are generally present during cooler periods, while values < 250 ng liter-l are restricted to temperatures >22"C. One clear exception to this trend is found for September 1989. This increase relative to the expected value based on temperature may have been caused by an input of nutrients mediated by a bloom of the nitrogen-fixing cyanobacterium Trichodesmium spp. observed the previous month at Sta. ALOHA.
Trichodesmium spp. blooms have been considered an important alternative source of new nitrogen (Carpenter and Romans 199 1; Karl et al. 1992 ) and of other limiting nutrients (Devassy et al. 1978 (Devassy et al. , 1979 in oligotrophic oceans.
Our results suggest that increases of Chl a in the DCML at Sta. ALOHA in spring are due to the deepening of this layer relative to isopycnals. These deepenings are the result of an increase in the daily average irradiance combined with the intrusion of nutrient-rich waters into the euphotic zone due to the upward vertical displacement of isopycnal surfaces. Although there is no clear explanation for this apparently seasonal vertical displacement of the pycnocline, possible mechanisms may involve changes in the energy of eddy fields or Rossby waves affecting the flow east of the Hawaiian Ridge or a decrease in the transfer of heat from the sea surface to depth as a result of an increase in stratification of the water column in spring and summer.
Accessory pigment composition and the taxonomic algorithm -The general pigment composition of phytoplankton at Sta. ALOHA is similar to the one reported by Ondrusek et al. (199 1) for the CNP gyre. The absence of detectable concentrations of violaxanthin and Zu--tein suggests that chlorophytes are relatively rare in the water column at this location. Although our HPLC method does not separate lutein from zeaxanthin, the lack of a shift in the absorption maxima corresponding to zeaxanthin during the peak elution indicates that < 10% of the absorption recorded for this peak is due to lutein. The presence of high Chl b, : Chl b, in all samples analyzed by normal-phase HPLC throughout the water column during this study (data not shown) supports the conclusion that chlorophytes are a negligible component of the phytoplankton assemblage in these waters. Chl 6, may be attributed to prasinophytes when present. The absence of detectable amounts of violaxanthin further suggests that chrysophytes found at Sta. ALOHA correspond to "aberrant" chrysophytes as described by Withers et al. (198 l) , Vesk and Jeffrey (1987) , and Bidigare (1989) .
The taxonomic model presented here accounts for most of the temporal and vertical variability of Chl a below the mixed layer (>93%). However, because the principal factors affecting the ratios of Chl a to accessory pigment are light intensity and spectral quality and because both vary with depth, some caution must be applied in interpreting the vertical distribution of our taxonomic analyses. By restricting our study to the portion of the water column between 75 and 150 db, the error associated with the assumption of constant pigment ratios with depth is minimized. Furthermore, it is important to emphasize that, during the period of study, the "light depth" of the DCML remained between the 3% and 0.08% isolumes where Chl a : accessory pigment ratios should be close to constant for a given taxonomic group. Consequently, we feel that the temporal analysis of pigments in this layer and the derived community structure are probably indicative of real temporal changes in phytoplankton processes at the DCML. Also, because this algorithm was developed for the phytoplankton assemblage found at Sta. ALOHA, it may be invalid for communities found in other marine environments. This may explain some of the large discrepancies between "seed values" and ratios used in the final algorithm. Nevertheless, sensitivity analyses reveal that the use of unaltered seed values for By decomposing the measured Chl a near the DCML into different algal class contributions, we observe that the spring increases in Chl a are the result of an increase in all of the major algal groups, with the exception of cyanobacteria in 199 1, rather than any single component (Fig. 7) Bidigare et al. 1990) .
Vertical displacements of the DCML due to movements of the water column or changes in sea surface light intensity (Banse 1987 ) result in high variability of the daily radiant energy available to phytoplankton at the DCML. Because most phytoplankton groups found in the DCML are not active migrators and light intensity is considered to be close to limiting values at this depth stratum, PAR variability may have a major influence on the composition of the phytoplankton community, maintaining a dynamic equilibrium between these algal associations. In this case, internal waves and other inertial oscillations of isopycnals around the DCML ( Fig. 2A) may have a greater influence on phytoplankton rate processes than seasonal effects in this layer and may contribute significantly to maintenance of taxonomic diversity. However, because algal biomass is controlled by nutrient availability and net growth rate, the fluctuation in total Chl a is more likely to reflect changes in one or both of these parameters than changes in the phytoplankton community structure. This conclusion is supported by the significant correlation (P I 0.02) observed between the contribution to Chl a of all algal groups (with the exception of dinoflagellates) and total Chl a measured at the DCML.
Size fractionation of DCML samples-Because different phytoplankton taxa have different size spectra, the size fractionation results allow a rigorous test of the taxonomic algorithm. In general there is excellent agreement between Chl a measured and Chl a accounted physiological differences between the shallow and the deep nanophytoplankton community in the euphotic
